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Abstract: Moving toward a zero-carbon transport system accelerates the diffusion of batteries in society 
through electric vehicles. This so-called “clean transport”, as kind as it is to the environment during its 
lifetime, could be a burden for waste management at end of life if not managed properly. A circular 
waste management system, alternatively, suggests exploring the appropriate actions and policies to 
create the right environment for the second use of end-of-life batteries. A temporal estimation of the 
remained capacity in end-of-life electric vehicle batteries enables us to find the fitting second-use 
applications. This paper will present a model which has been developed for Ireland which combines (i) 
predictions for the adoption of electric vehicles by class, (ii) vehicle lifetime estimates based on a 
combination of current EV & ICE vehicles, and (iii) estimation of end-of-life battery generation and 
associated reuse capacity. The model computes a range of scenarios to estimate the potential 
availability of EV batteries for secondary use in Ireland out to 2050. Our estimation shows that a scale 
of several ten, several hundred, and a few several thousand megawatt-hour energy capacities would 
be available by 2050 in small, medium, and large class vehicles.   
Introduction 
Electrifying the transport sector is a promising 
movement for vehicle technology which is 
accelerated by authorities to meet the green 
transportation agenda. Different policies are 
primarily implied to encourage the uptake of 
Electric Vehicles (EVs), while their End of Life 
(EOL) management is not fully comprehended 
yet. Enacting new legislation and schemes 
toward circular waste management would 
address some of these EOL concerns. (Baars et 
al., 2021) narrates some of the strategies for 
circular waste management by evaluating 
different scenarios and anticipating the 
outcomes. Among these, a longer lifetime of 
EOL EV Batteries (EVBs) is likely when their 
second use is feasible in less demanding 
applications. Yet the techno-economic viability 
of repurposing strategy is not clear.  
The key measures to address some of the 
technical burdens in EVB reuse are their scale 
and the State of Health (SOH) at EOL. The 
former further depends on the EV adoption rate 
in the vehicle technology transitioning period 
and the survival age of EVs themselves on the 
road. Several works in the present literature 
developed different models to estimate the scale 
of EOL EVBs either for recycling or reuse. (Ai et 
al., 2019) conducted a material flow analysis to 
develop a timely projection of EOL EVBs on a 
state and national scale. A regional reuse 
planning of EVBs is suggested by authors in (Ai 
et al., 2019) to match the energy storage 
requirement in renewable energy facilities in the 
state of California.   
(Moore et al., 2020) estimated the number of 
available Li-ion batteries from EOL EVs by 2040 
and discovered the strategic locations in Berlin, 
Germany that best suits for the second use of 
these batteries as back up supply for critical 
infrastructures in power system or emergency 
traffic signals. (Wu et al., 2020) provide a spatial 
and temporal estimation of EOL EVBs in 32 
states of China from 2020 to 2036 and 
compared the results for every state with their 
number of collection station and recycling 
facilities. Recommendation on EOL 
management are then provided based on their 
predictions.  (Castro et al., 2021) explored the 
EOL EV generation in Brazil by predicting the EV 
uptake considering three different scenarios. 
(Cusenza et al., 2019) assessed the impact of 
reusing EVBs in stationary storages in 
residential buildings on enhancing the 
environmental sustainability of the two systems.  
This work aims to project the volume of EOL 
EVB that are going to be disposed of during the 
next 30 years up to 2050 on a national scale in 
Ireland. This projection is broke down into an 
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estimation of the sale of EVs and the survival 
age of EVs on the Irish road.  
 
The rest of the paper is as follow: The 
methodology is discussed in the next section, 
followed by the result and discussion. A 
conclusion of the findings of this work is 
discussed in the conclusion section.  
 
Methodology 
The methodology in this work is approached 
through several steps. First, a model is 
developed to predict the sale of EVs in Ireland 
by considering the Total Cost of Ownership 
(TCO) of EVs that customers have to pay. TCO 
comprises the vehicle’s capital cost including 
VRT, fuel cost, and operation & maintenance 
cost including the annual motor tax and 
insurance. Finding the relative cost of EV to 
traditional vehicles, the S-shaped EV growth 
curve is modelled (Kwon, 2012) using the well 








Wherein, RC is the relative cost of EVs and ∝ is 
the parameter indicating the market sensitivity of 
the new technology to the cost.  
Moreover, to include the impact of customer 
behaviour into the market diffusion model (MS 
model), we categorized the vehicle owners by 
their driving profiles based on the vehicle 
kilometre travelled. The rationale behind this 
categorization is that customers decision on 
purchasing a vehicle with a specific fuel 
technology depends on their travel needs. In 
another word, customers who travel higher 
distances may prioritise their purchase based on 
the fuel economy rather than other factors and 
might have more tendency toward buying EVs to 
reduce their fuel costs. Therefore, more 
similarity in decisions can be observed between 
customers with similar travel distances. 
Consequently, the MS model has been 
developed for three types of drivers naming mild, 
medium, and frequent drivers recognized by the 
vehicle class. Thus, the mild, medium and 
frequent driving profile is assigned to the owner 
of vehicles in mini & small class, compact, 
medium & executive class, and SUV & MPV 
class, respectively. j in Equation 1 is indicative 
for the customer category.  
 
After finding the EV share in the market, the 
survival rate of these vehicles is explored 
through an EOL assessment. Two datasets are 
accessed for EOL estimation: one is the EOL 
data for private passenger cars gathered from 
the National Motor Tax Office which issues 
certificates of destruction for EOL vehicles, and 
the other is the MOT test result from the UK 
(Department-of-Transport, n.d.) in which the 
specifications of vehicles are recorded either 
failing or passing the test. The survival age of 
vehicles in Irish roads is extracted from the first 
dataset and modelled by a distribution function. 
However, the number of BEVs in this dataset is 
not high enough to conclude, thus the number of 
EOL BEVs are extracted from the MOT dataset 
due to the similar availability of vehicle models, 
environmental conditions as well as ELV 
legislation. The distribution of EOL BEVs are 
modelled using the Weibull function as indicated 
in Equation 2, wherein α and β, known as scale 
and shape parameters, indicate the peak life of 
a vehicle and upper limit of lifespan, 
respectively. 
 
𝑬𝑶𝑳_𝒅𝒊𝒔𝒕(𝒏) = 𝟏 − 𝒆𝒙𝒑[−(𝒏 ∝⁄ )𝜷] 
 
Equation 2 
Having the annual number of EV sale and their 
EOL distribution, a material flow analysis is 
conducted to estimate the number of EOL EVB 
packs that are going to be disposed of over the 
years, as the following equation indicates:  
 





                                   Equation 3 
Wherein, the number of EOL EVB packs 
𝑁𝐸𝑂𝐿_𝐸𝑉𝐵(𝑡)  is calculated by summating the 
distributed return (𝐿) of EVs that have been sold 
from year 1 to year t.  
The available energy capacity of these EOL 
packs depends on their SOH at end of life. The 
ones with above 80% remained capacity can be 
reused, whereas the rest are directly recycled. 
However, testing and monitoring the EOL 
batteries are not effectively facilitated at the 
current leading to a low rate of reuse. This work 
assumes an increasing linear growth of 10% and 
20% per decade reuse rate in a high and low 
reuse scenario, respectively. We also assumed 
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an average 80% remained capacity for batteries 
that fit a second life. Subsequently, the available 
reuse capacity of EOL EVBs is calculated 
according to the following equation: 
 
𝑅_𝐶𝑎𝑝𝑊ℎ(𝑡) = ∫ 𝑆𝑎𝑙𝑒(𝑡) ∗ 𝐿(𝑡 − 𝑡)́ ∗ 𝐶𝐸𝑂𝐿(𝑡 − ?́?)
𝑡
?́?=1
∗ 𝑅𝑅(𝑡 − ?́?) 
 
Equation 4 
Wherein, the reuse capacity at year t 
(𝑅_𝐶𝑎𝑝𝑊ℎ(𝑡) ) can be calculated by multiplying 
the EOL capacity 𝐶𝐸𝑂𝐿 and the reuse rate 𝑅𝑅 to 
Equation 3.  
 
Results and Discussion 
EV market share has been estimated by MS 
model and using the projected relative cost of 
EV listed as percentage change from ICE 
(ICE=100) in Table 1. A cost parity occurs 
roughly in the year 2040, 2035, and 2027 in 
small, medium and large class categories as 
Table 1 shows. The higher decrease rate in the 
relative cost of EV in the large category is partly 
due to the huge difference in the fuel cost 
between EV and ICE vehicles as well as a more 
noticeable decrease in motor tax and 
maintenance cost comparing to other 
categories.  
Results of the MS model for three vehicle 
categories are illustrated in Figure 1. A different 
range of values for the ∝  parameter is 
considered in each category, as the legends in 
Figure 1 indicates, by matching the historical 
market share to the prediction curves. 
The results in Figure 1 suggest an earlier full-
electric market overtake in the large class in 
which above 80% market share is expected after 
2030. Whereas, a lower slop in EV market 
growth is estimated in the medium and small 
class.  In medium class, a range of nearly 60% 
to 80% market share is estimated by 2040, while 
the same range of market share is estimated to 
Figure 1. EV market share estimation for (a) 


























































































Small 45 43 41 39 37 34 32 30 28 26 23 21 20 18 17 16 14 8 1 -3 -7 
Medium 39 35 31 27 23 19 16 14 13 11 10 8 8 7 6 5 4 0 -3 -6 -8 
Large    21 19 6 5 5 4 3 2 1 1 0 0 0 -1 -3 -7 -8 -10 
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happen a decade later by 2050 in the small 
class.  
The result of modelling the distribution of 
survival age of vehicles in Ireland using the 
Weibull distribution function is illustrated in 
Figure  2(a). The histogram and Weibull 
distribution of EOL BEV from UK data are also 
shown in Figure 2(b).  
Comparing the parameters and distribution of 
these two figures, It can be comprehended that 
most vehicles on Irish road reach EOL at 17 
years after their first registration, while for BEVs 
this happens 9-10 years after first registration. 
However, since the EOL distribution for BEV are 
only valid for vehicles that have been registered 
before 2005, and considering the technology 
developments in battery manufacturing and their 
increasing capacity in EVs, we expect that EOL 
distribution parameters also change over the 
years and be more similar to the EOL distribution 
of traditional vehicles. The logic behind this 
expectation is that at the moment the life of the 
electric vehicle is mainly driven by battery 
performance and lifetime, while in the future by 
decreasing the probability of battery failure, the 
EV EOL status is expected to be similar to the 
traditional vehicles. A series of evolutionary EOL 
curves are created by interpolating the Weibull 
parameters of electric and ICE vehicles as 
Figure 2(c) indicates.  
Having the results of EV market share in Figure 
1 and the EOL distribution in Figure 2, the 
numbers of EOL battery packs disposed of are 
estimated using Equation 3. Results are 
illustrated in Figure 3 in units of thousand for 
three classes of vehicles. According to Figure 3, 
this number is estimated to rise to a range of 2-
4.5, 15.2-15.8, and 42-48 thousand units by 
2050 for small, medium and large class vehicles, 
respectively.  
The reuse capacity of these EOL EVBs is further 
estimated using Equation 4. Results for the low 
and high scenario are indicated in Figure 4 and 
Figure 5, respectively. It can be observed that in 
the small class, the reuse capacity is estimated 
to grow around several ten megawatt-hours in 
2045 and further rise to 37-90 and 60-143 
megawatt-hours by 2050 in low and high reuse 
scenarios, respectively. Whereas in Medium 
class, the available reuse capacity starts to be 
noticeable by 2040 from few several hundred 
megawatt-hours and grows up to around 400 
and 700 megawatt-hours by 2050 in low and 
high reuse scenarios, respectively. In the large 
class, on the other hand, a major arrival of EOL 
EVBs to the waste suggests an earlier 
availability of reuse capacity on a considerable 
scale by 2035, rising to a range of approximately 
two to three megawatt-hours capacity by 2050.  
 
Figure 2. EOL distributions (a) Weibull 
distribution of EOL vehicles in Ireland (b) 
Weibull distribution of EOL electric vehicles in 
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Figure 5. EOL EVB packs disposed of – thousand units 
Figure 4. Estimated EOL EVB reuse capacity 
(MWh) in high scenario. 
Figure 3. Estimated EOL EVB reuse capacity 
(MWh) in low scenario. 
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Conclusions 
This work aimed to estimate the reusable 
capacity of EOL EVBs locally in Ireland. A 
material flow analysis was conducted in which 
the market share of EVs are simulated using an 
S-shaped curve with different growth rate. The 
survival rate of these vehicles on the road are 
modelled using the historical EOL data in Ireland 
and UK. Results indicate a considerable 
availability of reuse capacity after 2035, 2040, 
and 2045 for large, medium and small class 
vehicles. Our estimation shows more than fifteen 
hundred up to three thousand megawatt-hours 
battery capacity would be available by 2050 in 
EOL large class EVs. For medium class 
vehicles, a range of four to seven hundred 
megawatt-hours is estimated by 2050, whereas 
in the small class, this is ranged in between a 
few ten up to less than one hundred and fifty 
megawatt-hours capacity, based on different 
reuse support scenarios and EV market growth 
rate.  
This substantial battery capacity can be reused 
in less demanding applications comparing to 
EVs such as stationary storages. Finding the 
fitting applications locally in Ireland is 
recommended for future works 
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